Study objectives: There is general agreement regarding the diagnostic efficacy of cervical mediastinoscopy (CMDS) and anterior mediastinotomy (AMDT) on patients with superior vena cava obstruction (SVCO), but controversy exists concerning the safety of these two diagnostic methods on that particular subset of patients. The purpose of the present study is to evaluate the safety and diagnostic efficacy of CMDS and AMDT in patients with SVCO. Materials and methods: During the last 28 years, 39 consecutive patients with SVCO underwent biopsy of mediastinal lesions by CMDS (n ‫؍‬ 18) or AMDT (n ‫؍‬ 19) or both these techniques (n ‫؍‬ 2). The medical records of all patients were reviewed, and demographic data, operative notes, perioperative complications, outcome, and histologic diagnoses were examined. The findings were compared with those of 367 patients without SVCO who underwent biopsy of mediastinal lesions during the same period of time. An up-to-date English-language literature search was performed. Results: The sensitivity of CMDS and/or AMDT in detecting malignancies in 39 patients with SVCO was 97.4%, specificity was 100%, and diagnostic accuracy was 97.4%. There was no in-hospital mortality, while morbidity consisted of five major complications and one minor complication, including two major hemorrhages and two airway obstructions. These patients, compared to those without SVCO, showed significantly higher postoperative morbidity (p < 0.001) and had a higher rate of malignancy (p < 0.001). Among 280 patients of the literature review, major hemorrhage was recorded in eight cases and airway obstruction in none. Conclusions: CMDS and AMDT are effective methods to establish a histologic diagnosis in patients with SVCO. Although their mortality is negligible, they are accompanied by a significantly higher morbidity compared to patients without SVCO. Airway obstruction is a lifethreatening complication that can occur in these patients. In our series, patients with SVCO had a higher rate of malignancy compared to patients without SVCO.
T he primary causes of superior vena cava obstruction (SVCO) are intrathoracic malignancies. [1] [2] [3] The most frequent of these malignancies are lung cancer, lymphoma, and thymoma. 4 -6 Since the indication for treatment depends mainly on the histology of the underlying disease, it is obvious that accurate histologic diagnosis is a prerequisite for application of appropriate treatment in every patient with SVCO.
Cervical mediastinoscopy (CMDS) and anterior mediastinotomy (AMDT) have been advocated as the most reliable techniques in establishing a histologic diagnosis in patients with SVCO. [7] [8] [9] However, because these techniques necessitate dissection and biopsy of tissue in the vicinity of vital organs of the superior mediastinum and in the presence of venous stasis, they entail the risk for hemorrhage and other complications. The purpose of this study is to evaluate the safety and diagnostic efficacy of CMDS and AMDT in patients with SVCO by reviewing our experience and the pertinent English-language literature.
Materials and Methods

Patients
From 1976 until May 2004, 39 consecutive patients with SVCO underwent biopsy of mediastinal lesions by CMDS (n ϭ 18) or AMDT (n ϭ 19) or both these techniques (n ϭ 2). During the same period of time, 367 patients with diverse pathology of the superior-anterior and middle mediastinum without SVCO underwent biopsy of mediastinal lesions using the same diagnostic techniques. All operations were performed by one surgeon.
The diagnosis of SVCO was made on clinical grounds in all patients. Prior to operation, patients underwent a thorough physical examination for detection of peripheral lymph nodes accessible for biopsy with minor procedures, and routine laboratory investigation including CT of the thorax. In a few patients, we chose MRI as a third-line examination. None of the patients underwent fine-needle aspiration cytology or core biopsy.
The medical records of all patients were reviewed, and demographic data, operative notes, perioperative complications, outcome, and histologic diagnoses were examined. The findings were compared with those of patients without SVCO who underwent biopsy of mediastinal lesions during the same period of time. In this article, major hemorrhage is defined as bleeding that required exploration through a sternotomy or thoracotomy for definitive control.
Surgical Technique
All patients underwent open biopsy of mediastinal lesions without any previous medical treatment for SVCO syndrome. The position of the patient on the operating table was with the trunk slightly elevated and the neck overextended. All operations were performed under general endotracheal anesthesia. The operative plan was based on chest CT findings. Patients with paratracheal and pretracheal lesions were submitted to CMDS, while those with lesions in front of the great vessels of the anterior-superior mediastinum underwent AMDT. The operative technique did not substantially differ between patients with SVCO and those without SVCO. However, patients with SVCO had a more careful hemostasis and a meticulous dissection. It is important to note that in performing CMDS on such patients, we remained strictly within the midline when dissecting to the trachea in the neck. Sometimes the tumor was easily palpable at the thoracic inlet and CMDS was a very limited procedure. Biopsy samples were submitted to frozen section in all patients. The wound was closed after confirmation by the frozen-section biopsy that adequate diagnostic tissue was included in the sample(s).
Literature Search
We utilized the MEDLINE database to perform an up-to-date English-language literature search using the terms "superior vena cava obstruction," "cervical mediastinoscopy," and "anterior mediastinotomy."
Statistical Methods
Statistical analysis was performed using the 2 test with Yates correction factor and Student t test. Statistical significance was assumed at p Ͻ 0.05.
Results
After the operation, all patients with SVCO recovered well and went into spontaneous breathing. There was no in-hospital mortality directly related to the procedures, while morbidity consisted of five major complications and one minor complication. Three patients required further exploration to control complications: In one patient with small cell lung cancer (SCLC) who underwent CMDS, bleeding from the innominate artery occurred. The leakage was controlled by means of continuous suturing through a median sternotomy. One patient with non-Hodgkin lymphoma (NHL) who underwent AMDT had major venous bleeding, apparently from the system of the internal thoracic vein. A transverse sternotomy was performed to control the bleeding. The internal thoracic vein was found intact. The bleeding was due to laceration of collateral veins. A third patient with non-small cell lung cancer (NSCLC) sustained a tracheal laceration during a CMDS. The laceration was repaired through a right anterior thoracotomy. Two additional young patients, 12 years and 17 years of age, with NHL showed severe signs of central airway obstruction during induction to anesthesia due to compression of the trachea. A change in patient position, including release of the neck overextension, and IV administration of high doses of cortisone improved ventilation and allowed termination of the procedure in both patients. Table 1 presents the comparative data between patients with SVCO and those without SVCO regarding demographic information, operations performed, mortality, morbidity, and the malignant/ benign diagnoses ratio. Patients with SVCO compared with those without SVCO showed significantly higher postoperative morbidity (p Ͻ 0.001), required exploration for management of intraoperative complications more frequently (p Ͻ 0.001), and had a higher rate of malignancy (p Ͻ 0.001). The etiology of SVCO was malignant disease in all patients. However, in one patient, the histologic diagnosis obtained by CMDS was sarcoidosis. Subsequent examinations revealed the coexistence of NSCLC, which was the cause of SVCO in that patient. Thus, in this series, the sensitivity of CMDS and/or AMDT achieved in detecting malignancies in the presence of SVCO was 97.4%, specificity was 100%, and diagnostic accuracy was 97.4%. The histologic diagnoses of patients with SVCO are presented in Table 2 .
Literature Search
By searching English-language literature, we found a total of 13 pertinent publications 3, 5, [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] with sufficient data, including 280 patients with SVCO submitted to 281 operations: 248 patients underwent CMDS, 31 patients underwent AMDT, and 1 patient underwent both techniques. These patients, along with the 39 patients of our series who underwent 41 operations, were incorporated in this study. There was no mortality among these patients. The overall sensitivity of CMDS and/or AMDT in detecting malignancies was 95.9%, specificity was 100%, and diagnostic accuracy was 95.9%.
Overall morbidity was 8.2%. Major hemorrhage was the main complication of concern in most of the publications of this review, although its definition was unclear in some of them. Major hemorrhage was recorded in 8 of 319 patients (range, 0 to 12.5%). Major hemorrhage was arterial in three patients, venous in four patients, and undetermined in one patient. Other complications included bleeding con-
Discussion
For many years, patients with SVCO were regarded as unsuitable for invasive diagnostic procedures in the mediastinum because these procedures were thought to be accompanied by a high risk for bleeding. 4 For this reason, and since SVCO is associated with malignancy in Ͼ 90% of patients, some authors consider SVCO an oncologic emergency and advocate an immediate blind treatment approach, thereby avoiding dangerous invasive techniques. 4 Histologic diagnosis of the mediastinal lesion can be obtained in some patients with SVCO by lesser invasive techniques, such as bronchoscopy, peripheral lymph node biopsy, and even transvenous biopsy. 16, 18 However, the diagnostic yield of these methods is low. 17 During the last 20 years, transthoracic needle and core biopsy have been used for the same purpose with controversial results. By using these diagnostic modalities on patients with mediastinal masses or lymphadenopathy but no signs of SVCO, a diagnostic yield of 71.3 to 100% has been reported by several authors, 19 -23 who affirm that these techniques constitute reliable and sensitive diagnostic tools that provide a precise diagnosis and obviate the need for exploratory thoracic surgery in the majority of mediastinal lesions. In patients with SVCO, Ko et al 24 from China obtained a diagnostic yield of 83.1% with ultrasound-guided transthoracic needle aspiration biopsy on 30 undiagnosed patients between 1989 and 1993, and concluded that this approach appears to be safe, effective, and rapid for obtaining an accurate histologic diagnosis. However, most recent publications favor CMDS and/or AMDT in preference to needle biopsy in patients with SVCO. Jahangiri and Goldstraw 8 of Brompton Hospital in London reported that they do not perform needle biopsy in the presence of SVCO because their radiologists are reluctant to do so and their pathologists find it difficult to differentiate lymphomas from small cell carcinoma. Porte et al 17 from France concluded that CT-guided biopsy is useful for the diagnosis of carcinoma and thymoma but is not sufficiently accurate for precise individualization of NHL, which requires larger samples for immunohistochemical and cytogenetic studies. Even when CTguided biopsy permits the diagnosis of NHL, a surgical biopsy is required for its characterization so that further treatment can be planned in as appropriate a fashion as possible. In cases of suspected 27 In this collective series of 319 patients with SVCO who underwent CMDS and/or AMDT, there was no mortality related to the procedures, while morbidity was 8.2%. The most severe of the complications was "major hemorrhage," which was recorded at a rate ranging from 0 to 12.5%. This incidence is significantly higher than that of 0 to 0.3% reported in patients without SVCO. 28 Obviously, prevention is the best treatment for this potentially mortal complication. To avoid hemorrhage, careful hemostasis and meticulous dissection is recommended. In performing CMDS, the surgeon should remain strictly within the midline when dissecting to the trachea in the neck. After entering the mediastinum, when in doubt, needle aspiration should be performed to preclude biopsy of a vessel. Excessive traction of the tissue to be sampled should be avoided. If the anatomy of the mediastinum has been distorted to such an extent that the vessels and trachea cannot be discerned with confidence, it would be preferable to abandon further attempts at biopsy. If CMDS does not provide an adequate tissue sample, AMDT can be performed in the same surgical session. If in spite of all these preventive measures hemorrhage occurs, control can be achieved by exploration. The incision for most appropriate exposure is determined by the site of the injured vessel and the status of the mediastinum.
Central airway obstruction due to compression of the trachea was a serious complication that arose in two young patients of our series during induction to anesthesia. It is interesting that no such complication was recorded in the 13 publications of this review, although Mineo and associates 16 reported "episodes of mild bronchospasm, which were controlled by steroid injection." However, Ferrari and Bedford 29 encountered central airway problems in 9 of 44 children with anterior mediastinal masses treated in the Memorial Sloan Kettering Cancer Center: 2 children experienced difficulty on induction of anesthesia and required tracheal intubation with a rigid bronchoscope, airway obstruction developed in 2 children during anesthetic maintenance that was corrected by a change in patient position, 4 children could not be extubated, and 1 child required reintubation in the immediate postoperative period. Similar complications have been reported by others. 30 -31 To circumvent this complication, AMDT under local anesthesia has been advocated as already mentioned. 17 We consider that central airway obstruction is an underestimated life-threatening complication that can occur mainly in young patients with anterior-superior mediastinal masses. For this reason, thoracic surgeons should be aware of its diagnosis and treatment. Other complications include laceration of the trachea, recurrent laryngeal nerve injury, cardiac arrythmias, temporary arterial hypotension, 16 and wound infection. 17 Although there is wide agreement that intrathoracic malignancy has become the commonest cause of SVCO in recent years, 1, 5 significant disagreement exists regarding the histology of this malignancy. Ahmann 2 reviewed 1,986 patients with SVCO published in the English-language literature from 1934 to 1983 and found that SCLC was the most common cause of SVCO. Callejas et al 14 reached the same conclusion in 1991. However, Porte et al 17 found that among the patients referred to surgeons, NHL is the most frequent etiology of SVCO together with SCLC. Jahangiri and Goldstraw 8 reviewed 34 patients with SVCO and found that 26 of them had lung cancer, including only 5 patients (14.7%) with SCLC. In our series, malignancy was the etiology of SVCO in all patients, although this malignancy was not revealed by CMDS in one patient. The most frequent malignant disease was lymphoma, followed by lung cancer. The great discrepancy regarding the etiology of SVCO seems to be due to patient selection.
The limitations of the present publication are as follows: (1) the relatively long duration of the study period, and (2) the relatively small number of patients submitted to operation each year in our series.
In conclusion, the results of this series and the literature review show that CMDS and AMDT are effective methods to establish histologic diagnosis in patients with SVCO when less invasive procedures have failed. Although mortality is negligible, patients with SVCO compared to those without SVCO undergoing CMDS or AMDT show significantly higher morbidity. Central airway obstruction is a serious complication that could occur mainly in young patients with anterior-superior mediastinal masses. Thoracic surgeons should be aware of diagnosis and treatment of this life-threatening complication, which appears to be underestimated. In this series, the rate of malignant diagnosis was significantly higher among patients with SVCO than those without SVCO. 
